The crude ethanol extracts of four Indonesian medicinal plants namely Curcuma xanthorrhiza Roxb., Phyllanthus niruri Linn., Andrographis paniculata Ness., and Curcuma aeruginosa Roxb. were examined for their antioxidant (radical scavenging) activity using 2, 2-diphenyl-2-picrylhydrazyl (DPPH) free radical and cytotoxicity using brine shrimp lethality test (BSLT). The total phenolic content was used the Folin-Ciocalteu method. IC 50 values for DPPH radical scavenging activity ranged from 14.5 to 178.5 µg/ml, with P. niruri having the lowest value and therefore the most potent, and C. aeruginosa having the highest value. LC 50 values for BSLT ranged from 210.3 to 593.2 µg/ml, with C. xanthorrhiza and A. paniculata having the lowest and highest values, respectively. The total phenolic content of the Indonesian plants ranged from 133.0 ±3.7 to 863.3±54.7 mg tannic acid equivalent per 1 g extract, with C. aeruginosa and P. niruri having the lowest and highest values, respectively. A positive correlation between free radical scavenging activity and the content of phenolic compounds was found in the four of Indonesian medicinal plants.
INTRODUCTION
Free radicals or other reactive oxygen species are derived either from normal essential metabolic processes in the human body or from external sources such as exposure to radiation, ozone, cigarette smoking, air pollutants and industrial chemicals [1] . The over production of free radicals such as hydroxyl radical, super oxide anion radical, hydrogen peroxide can cause damage to the body and contribute to oxidative stress [2, 3] . There are various studies emphasizing that free radicals contribute to the development of many diseases, including hemorrhagic shock, arthritis, ageing, atherosclerosis, ischemia, Alzheimer and Parkinson's disease, gastrointestinal disorders, tumor promotion and carcinogenesis [1] . Antioxidants are substances that play an important role in delaying or preventing degenerative diseases caused by oxidative damage of living cell components caused by free radicals [4] . Although the human body produces antioxidant enzymes to neutralize free radicals [5] , a diet rich in edible antioxidants is recommended to assist the human body to protect itself from food borne free radicals. There are several reports on the contribution of phenolic compounds to the antioxidant potential of different medicinal plant species. Cai et al. [6] , for example, reported a positive linear correlation between the total content of phenolic compounds and the antioxidant activities for aqueous and methanolic extracts of Chinese medicinal plants. Similarly, a positive correlation was reported for aqueous and methanolic extracts of different Jordanian plant species [7] .
The brine shrimp (Artemia salina) has been utilized in various bioassay systems. The in-vitro toxicity test using brine shrimps lethality assay is a simple, common, inexpensive, and rapid method to predict the antitumor and pesticidal activities [8] . It has also been used to evaluate the cytotoxicicity and pesticidal activity [9] .
Indonesia is rich of medicinal plants, where records of the Indonesia Institute of Sciences have shown that there are about 30.000 out of 40.000 medicinal plants in the world. Medicinal plants play a crucial role in health care needs of people around the world especially in developing countries [10, 11] , like the Indonesia. In the Indonesia, medicinal plants are considered to be one of its natural living treasures. They is play a key role in the development and advancement of modern studies by serving as a starting point for the development of novelties in drugs [12] . Approximately 25 % of drugs used in modern Pharmacopoiea are derived from plants and many others are synthetic analogues built on prototype compounds isolated from plants [13] . Medicinal plant use however, has been based mostly on empirical grounds. There is a need for scientific validation of such empirical knowledge. The medicinal plants before used for human should has been scientifically validated for safety, efficacy, and quality. Thus, four Indonesian medicinal plants were selected to evaluate their bio-activities in different assay include rhizomes of Curcuma xanthorrhiza Roxb. and Curcuma aureginosa Roxb. and leaves of Phyllanthus niruri Linn. and Andrographis paniculata Ness.
C. xanthorrhiza Roxb., also know as "temulawak" in Indonesia, is a medicinal plant from the family Zingeberaceae distributed in Indonesia. Traditionally, its rhizomes have been used to treat stomach diseases, liver disorders, constipation, bloody diarrhea, dysentery, children's fevers, hemorrhoids, and skin eruptions [14] . Pharmacologically is has been reported that Curcuma has antimicrobial [14] , anti-metastatic [15] , anti-cancer [16] , anticandidal [17] , anti-oxidant [18] , and hypolipidemic activities [19] . C. aeruginosa Roxb. (Zingiberaceae) is known in Indonesia as "temu ireng". The rhizome of this plant is used medicinally to treat asthma and cough, scurvy and mental derangements [20] . Relatively few pharmacological studies have been conducted on C. aeruginosa Roxb., which have indicated antiinflammatory properties [21] , inhibitory of HIV-I [22] , and anti cancer activity [23] . P. niruri Linn. is an annual and field weed widespread in temperate and tropical climates [24] . P. niruri Linn. from the Euphorbiaceae family is known as "meniran" in Indonesia. It's leaves have been used in Asia, Africa and South America [25] as a stomachic, aperitive, antispasmodic, antihepatotoxic, antiviral, antibacterial, laxative, diuretic, carminative, in the management of diabetes, constipation, fever including malaria, jaundice, hepatitis B, dysentery, gonorrhea, syphilis, tuberculosis, cough, influenza, diarrhea, vaginitis, tumors, kidney stones [26] [27] [28] [29] [30] [31] . P. niruri Linn. has been proved scientifically to have antioxidant [32] , antimalarial [33, 34] , antihyperuricemic [35] , hypoglycemic [36] , hepatoprotective [37, 38] , hypolipemic [39] , and HIV replication inhibitory [40] activities. A. paniculata Ness. (Achanthaceae) is a medicinal plant, commonly known as named locally 'sambiloto' in Indonesia. Pharmacological research has demonstrated that A. paniculata possesses antimicrobial activity [41] , antiviral properties [42] , hepatoprotective and antioxidant [43] , antidiabetic [44] , antihyperglycaemic [45] and antiangiogenic activity [46] , in addition to anti inflammatory properties [47] , and it is used in the treatment of upper respiratory tract infections [48] . This study was undertaken to assess different Indonesian plants for their antioxidant activity, cytotoxicity and total phenolic content of some ethanolic extract, and to determine the relationships between antioxidant activity, cytotoxicity, and phenolic contents.
MATERIALS AND METHODS

Materials
The rhizomes of C. xanthorrhiza and C. aeruginosa and the leaves of P. niruri and A. Paniculata were collected from The Conservation and Cultivation Unit of Biopharmaca Research Center, Bogor Agricultural University, in April 2011. Voucher specimens of material plants were deposited in the herbarium of the Indonesia Institute of Sciences, Indonesia. The 2, 2-Diphenyl-2-picrylhydrazyl, Folin-Ciocalteu's phenol reagent, tannic acid, and anhydrous sodium carbonate were obtained from Sigma-Aldrich, USA. The ethanol and DMSO were purchased from E Merck, Germany. While, Artemia salina eggs was obtained from aquarium shops Bogor, Indonesia. All the chemicals and solvents used were analytical grade.
Extraction of plants
Fresh rhizomes and leaves of plant materials were washed with water, cut into small pieces and dried for 5 days in the sun (the moisture: < 10%). They were then ground in a grinder to be obtained in a powder form (the size: 80 mesh). One kilo grams of the powder of plants were macerated using 1 x 10 L ethanol 70% in a tightly closed round bottom flask at room temperature for a period of 24 h and filtered with Whatman filter paper (type 4). The whole process was repeated one times and the filtrate was concentrated under reduced pressure on rotavapor (BUCHI, R-250, Switzerland) at 50 °C temperature. The concentrated extracts were then used for the experiments.
Measurement of free radical scavenging capacity by DPPH assay
The method of [49] with a modification was used for evaluating the DPPH (2, 2-Diphenyl-2-picrylhydrazyl) radical scavenging ability of the extracts. The different concentrations of the plant extracts (12.5-200 µg/ml; total volume of 40 µL) in 96-well plates were mixed with 160 µL of 100 mM DPPH in ethanol and then incubated in the dark for 30 min at room temperature prior to reading the absorbance at 517 nm in a micro plate reader. A negative control, containing water instead of the sample and blank samples, using the same volume of ethanol only in place of the DPPH solution in ethanol, were all evaluated at the same time per micro titre plate.
The percentage of radical scavenging was calculated as follows;
where Ac is the absorbance of water plus DPPH (in ethanol), Acb is the absorbance of the blank (water plus ethanol without DPPH), As is the absorbance of the sample plus DPPH (in ethanol) and Asb is the absorbance of the sample plus ethanol without DPPH. Different sample concentrations were used in order to obtain calibration curves and to calculate the IC 50 values (IC 50 : concentration required to obtain a 50% radical scavenging activity). All test samples were conducted in triplicate (n = 3).
Brine shrimp lethality test (BSLT)
The assay was carried out according to the principle and protocol previously described by [50, 51, 52] , with slight modifications. Brine shrimp eggs (Artemia salina) were placed on one side of a small tank which was filled with boiled, filtered sea water, covered with aluminum foil, and fully aerated. After 48 h incubation at room temperature and under illumination, the resulting nauplii (larvae) were attracted to the other side of the tank with a light source and collected with a Pasteur pipette. Ten shrimps were transferred to each sample vial and artificial sea water was added (where the extract was made in organic solvent) to make a concentration of 10, 50, 100, 500, 1000 mg/mL (in the case of ethanolic extract a dilution of 2000 mg/ml was also prepared). Survivors were counted under the stereomicroscope after 24 h and the percent death at each dose and control was determined. The lethal concentrations of plant extracts resulting in 50% mortality of the brine shrimp (LC 50 ) was determined from the 24 h counts and the dose-response data were transformed into a straight line by means of a trendline fit linear regression analysis (MS Excel version 7); the LC50 was derived from the best-fit line obtained.
Determination of total phenolic content
The total phenolic content (TPC) assay was determined in accordance [53] with modification. In brief, 2 mL of test samples were mixed with 5 ml of water destilated and 0.5 ml of 50 % Folin-Ciocalteu phenol reagent in a test tube and kept for 5 min. After that, 1 ml of 5% sodium carbonate solution was then added. Reactions were kept in a dark place for 1 h, and then read for UV absorbance at 725 nm. Tannic acid solution (ranging from 0 µg/ml to 90 µg/ml) was used as a standard curve. TPC of each sample was expressed as mg tannic acid equivalent (TAE) per 1 g extract.
Statistical Analysis
The data were analyzed by Statistical Package Social Science (SPSS) version 17.0. One-way ANOVA were used to show the mean differences between all samples. Fig. 1 shows the DPPH radical scavenging activity of the different successive extracts of four Indonesian plants. This activity was increased by increasing the concentration of sample extracts. DPPH antioxidant assay is based on the ability of 2, 2-Diphenyl-1-picrylhydrazyl (DPPH), a stable free radical, to decolorize in the presence of antioxidants. The DPPH radical contains an odd electron, which is responsible for the absorbance at 517 nm and also for a visible deep purple color. When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized, which can be quantitatively measured from the changes in absorbance. Thus, the DPPH radicals were widely used to investigate the scavenging activity of some natural compounds. DPPH is widely used to evaluate the antioxidant activity of natural compounds [49] . However, DPPH's scavenging activity indicates the ability of the antioxidant compound to donate electrons or hydrogen, thereby converting the radical to a more stable species [54] . The result of DPPH free radical scavenging activity on the four crude ethanol extracts are shown in Table 1 . The highest radical scavenging activity (IC 50 value, 14.5 µg/ml) was shown by P. niruri; this was followed by A. paniculata and C. xanthorrhiza, with IC 50 values of 30.5 and 85.7 µg/ml, respectively. The lowest radical scavenging activity was shown by C. aeruginosa (IC 50 value of 178.5 µg/ml).
RESULTS AND DISCUSSION
DPPH radical scavenging activity
Of the four Indonesian medicinal plants examined, P. niruri leaves appears to be the most promosing source of antioxidant compounds. Harish and Shivanandappa [56] reported the DPPH scavenging efect (IC 50 15 .3 µg/ml and 9.1 µg/ml) and total phenolic content (97.4 mg of GEA/g and 105 mg of GEA /g ) of the aqueous and methanolic extracts of P. niruri leaves. Compared to our results (Table 1 and Fig. 2 ), ethanolic extract of P. niruri leaves had a higher content of total phenolic compounds (863.3±54.7 mg of TAE/g) than aqueous and methanolic extracts. On the other hand, the ethanolic extracts of P. niruri leaves had a higher and lower stable DPPH free radical scavenging activity (IC 50 14 .5 µg/ml) than the aqueous and methanolic extracts.
Brine shrimp lethality test
The brine shrimp lethality test (BSLT) has been used routinely in the primary screening of the crude extracts as well as isolated compounds to assess the toxicity towards brine shrimp, which could also provide an indication of possible cytotoxic properties of the test materials. Brine shrimp nauplii have been previously utilized in various bioassay systems. Among these applications have been the analyses of pesticidal residues, mycotoxins, stream pollutants, anesthetics, dinoflagelate toxins, morphine-like compounds, carcinogenicity of phorbol esters and toxicants in marine environment. A number of novel antitumor and pesticidal natural products have been isolated using this bioassay [8, 55] . The results of BSLT on crude ethanol extracts of the four Indonesian medicinal plants (% mortality at different concentrations and LC50 values) are shown in Table 2 . The percentage mortality increased with an increase in concentration. LC 50 values ranged from 210.3 to 593.2 µg/mL, with C.xanthorrhiza rhizomes having the lowest value (most potent); this was followed by C.aeruginosa rhizomes (233.6 µg/mL), then by P.niruri leaves (507.7 µg/ml) and lastly A.paniculata leaves (593.2 µg/ml). The variation in BSLT results may be due to the difference in the amount and kind of cytotoxic substances present in the crude ethanol extracts. Moreover, this significant lethality of the crude plant extracts (LC 50 values was 1000 µg/mL or less [8] ) to brine shrimp is indicative of the presence of potent cytotoxic and bioactive compounds which warrants further investigation. BSLT results may be used to guide the researchers on which crude plant extracts/fractions to prioritize for further fractionation and isolation of these bioactive compounds. Other cytotoxicity tests and specific bioassays may be done on the isolated bioactive compounds later.
Total phenolic content (TPC)
There was a wide range of phenolic concentrations in the plant extracts analyzed as shown in Fig. 2 . The values varied from 133.0±3.7 to 863.3±54.7 mg TAE/g of sample as mesured by the Folin-Ciocalteau method, which represents a variation of approximately 6 fold. The four of Indonesian medicinal plants showed a very high phenolic content: P. niruri (863.3±54.7 mg TAE/g), A. paniculata (493.7±10.0 mg TAE/g), C. xanthorrhiza (424.3±2.2 mg TAE/g), and C. aeruginosa (133.0±3.7 mg TAE/g). Overall, the highest and the lowest phenolic content were found in P. niruri and C. aeruginosa, respectively. Similiar observation was found for their antioxidant activity. Polyphenols are the major plant compounds with antioxidant activity [57] . Typical phenolics that possess antioxidant activity are known to be mainly phenolic acids and flavonoids [58] . The phyllanthin, hypophyllanthin and flavonoids, like niruriflavone, gallic acid and ellagic acid were phenolic compounds present in the P.niruri [59] . The curcuminoids [18] and phenolic diarylheptanoids [60] were phenolic compounds present in C. xanthorrhiza. In the A. paniculata and C. aeruginosa had phenolic compounds due to antioxidant activity [61, 62] . The variation in the antioxidant activity of the plant responsible was phenolic content [63] . They exhibit antioxidant activity by inactivating lipid free radicals or preventing decomposition of hydro peroxides into free radicals [64, 65] . Flavonoids are phenolic acids which serve as an important source of anti-oxidants found in different medicinal plants and related phytomedicies [66] . The anti-oxidant activity of flavonoids is due to their ability to reduce free radical formation and to scavenge free radicals.
Correlation betweenTPC, DPPH, and BSLT
Person's correlation analysis was performed to investigate the relationship between TPC, DPPH, and BSLT of the four Indonesian medicinal plant extracts. A significant, positive, and negative correlation was found between the TPC level, DPPH and BSLT activities for the four Indonesian medicinal plant extracts (Table 3) . A positive corellation was found between TPC and DPPH assay (r = 0.877). The negative correlation was found between DPPH and BSLT followed by DPPH and BSLT were negatively correlation (r = -0.895 and r = -0.624, respectively). The result indicates that, the TPC and DPPH of the extracts were positively correlated. The finding also was in line with several studies conducted [67, 68, 69] . Based on the result, it can be said that polyphenol of the four Indonesian medicinal plants is a potent radical scavenger. The roles of phenolic compounds as the main contributors to the antioxidant activity of various medicinal plants have been reported from previous studies [67, 68, 69, 70] . 
CONCLUSIONS
The study indicates the presence of antioxidants, cytotoxic, and phenolic compound in crude ethanol extracts of four Indonesian medicinal plants namely C.xanthorrhiza Roxb., P.niruri Linn., A.paniculata Ness., and C.aeruginosa Roxb. The highest radical scavenging activity (IC 50 value, 14.5 µg/ml) was shown by P. niruri; this was followed by A. paniculata, C. xanthorrhiza, and C. aeruginosa with IC 50 values of 30.5, 85.7 and 178.5 µg/ml, respectively. The cytotoxicity as LC 50 values ranged from 210.3 to 593.2 µg/mL, with C.xanthorrhiza rhizomes having the lowest value (most potent); this was followed by C.aeruginosa rhizomes (233.6 µg/mL), then by P.niruri leaves (507.7 µg/ml) and lastly A.paniculata leaves (593.2 µg/ml). The highest phenolic content was shown by P. niruri (863.3±54.7 mg TAE/g), this was followed by A. paniculata (493.7±10.0 mg TAE/g), C. xanthorrhiza (424.3±2.2 mg TAE/g), and C. aeruginosa (133.0±3.7 mg TAE/g). A positive corellation was found between TPC and DPPH assay (r = 0.877).
